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[57] ABSTRACT

An oxygen detector for detecting concentration of oxy-
gen 1n exhaust gas delivered from various kinds of com-
bustion apparatus inclusive of an internal combustion
engine or the like and comprising a resilient portion
operative to apply a tensile or compressive force to a
coil-shaped terminal of a center conductor threadedly
engaged with the threaded open end of an inner elec-
trode layer of an oxygen detection element.

13 Claims, 1 Drawing Figure
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1
OXYGEN DETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an oxygen detector for de-
tecting concentration of oxygen in exhaust gas deliv-
ered from various kinds of combustion apparatus inclu-
stve of an internal combustion engine or the like.

2. Description of the Prior Art

An oxygen detector for detecting concentration of

oxygen in exhaust gas delivered from various kinds of
combustion apparatus inclusive of an internal combus-
tion engine or the like and including an oxygen detec-
tion element composed of a solid electrolyte has hereto-
fore been widely used.

In such kind of oxygen detector, provision is made of
a tubular oxygen detection element formed of zirconia
or the like and closed at one end thereof. The oxygen
detection element is provided at its outer and inner
peripheral walls with outer and inner electrode layers,
respectively, each extending upwardly from the closed
end of the oxygen detection element and formed of
platinum deposited thereon by printing or the like. The
oxygen detection element must be sealed and electri-
cally conductive with a metal casing which is provided
with small holes through which flows exhaust gas
which makes contact with the outer electrode layer.
Meanwhile, outside air must be introduced through the
inner electrode into the closed end of the oxygen detec-
tion element and at the same time a lead wire connected
to the inner electrode layer must be led to the outside.
In this case, the outer electrode layer can easily be
sealed with the metal casing, but means for allowing the
outside air to introduce into the inner electrode layer of
the oxygen detection element and at the same time
allowing the lead wire connected to the inner electrode
layer to lead out upwardly involves various drawbacks.

“In order to eliminate such drawbacks, an attempt has
been made that the inner electrode layer is provided at
its open end with a threaded portion with which a coil-
shaped terminal having an outer diameter which is
shightly larger than the inner diameter of the tapped
portion is threadedly engaged under pressure and that a
lead wire extending upwardly from the coil-shaped
terminal is connected to one of output delivery conduc-
tors. Such attempt is satisfactory under a normal condi-
tion, but has the drawback that there is a risk of the
electrical conduction between the oxygen detection
element and the inner electrode layer being deteriorated
under a high temperature condition.

That is, the above mentioned coil-shaped terminal is
preferably formed of a spring material consisting of
stainless steel such as SUS631J1 having an excellent
heat resistant property. The inner diameter of the open

- end and the diameter of the thread provided therein of

the oxygen detection element are limited for the sake of
construction and-the coil-shaped terminal threadedly
engaged under pressure with the threaded open end of
the oxygen detection element must be formed of a wire
having a small diameter for the sake of the threaded
engagement Under such circumstances, if the oxygen
detector is used at a high temperature for a long time,
the coil-shaped terminal becomes softened to reduce its
tensile force when it is threadedly engaged with the
threaded open end of the oxygen detection element,
thereby deteriorating the electrical conduction between
the oxygen detection element and the inner electrode
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~layer. For example, if a coil-shaped terminal formed of

a spring material consisting of SUS631J1 and having a
diameter of 0.6 mm was used at 300° C., its tensile force
was not reduced, but if it was continuously used at 400°
C. for 100 hours, its tensile force was reduced.

SUMMARY OF THE INVENTION

An object of the invention, therefore, is to provide an
oxygen detector which can eliminate the above men-
tioned drawbacks which have been encountered with
the prior art techniques and which has a highly excel-
lent electrical stability. |

A feature of the invention is a provision of an oxygen
detector comprising a tubular oxygen detection element
closed at one end and including outer and inner elec-
trode layers extending upwardly from the closed end, a
metal casing sealed and electrically conductive with the
oxygen detection element, a center conductor including

a coil-shaped terminal threadedly engaged with the
threaded open end of said inner electrode layer and
communicating the inner electrode layer with the out-
side air and an output delivering electric wire con-
nected to the ends of said center conductor and said
metal casing and having a communication hole commu-
nicated through said coil-shaped terminal with the inner
electrode layer of the oxygen detection element, char-
acterized by comprising a resilient portion operative to
apply a tensile or compressive force to said coil-shaped
terminal of said center electrode. |

- Further objects and features of the invention will be
fully understood from the following detailed descrip-
tion with reference te the accompanying drawing,
wherein:

BRIEF DESCRIPTION OF THE DRAWING

A single FIGURE is a front elevational view of one
embodiment of an oxygen detector according to the
invention, partly shown in section.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the drawings, reference numeral 1 designates a
tubular oxygen detection element formed of a solid
electrolyte consisting of zirconia or the like and having
a center hole closed at its bottom end 15. The oxygen
detection element 1 is provided with an outer electrode
layer 2a extending upwardly from the closed end 14 and
composed of a porous thin film formed of platinum or
the like and an inner electrode layer 2b extending up-
wardly from the closed end 16 and composed of a thin
film formed of the porous material, the outer and inner
electrode layers 2a, 2b being formed by vapor deposi-
tion or the like. Reference numeral 3 designates a metal
casing composed of a main metal fitting 3’ and a metal
sleeve 3". The main metal fitting 3’ supports the oxygen
detection element 1 through its large diameter step seat
1'b and is electrically conductive with the outer elec-
trode layer 2a. The main metal fitting 3’ is firmly sealed
with the oxygen detection element 1 by means of a
sealing material 4 and provided at its lower portion with
a thread 3'c adapted to be threadedly engaged with the
internal combustion engine wall or the like and with a
protection cap 3'b for mechanically protecting the
closed end 16 of the oxygen detection element and.
having small holes 3'c through which the exhaust gas of
the internal combustion engine or the like flows into a
positton near the closed end 15 of the oxygen detection
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element. The metal sleeve 3" is arranged at the upper
end of the sealing material 4 and mechanically and elec-
trically connected to the main metal fitting 3'. The
metal sleeve 3" 1s provided at its upper end with a re-
duced diameter portion 3"'a. Reference numeral 5 desig-
nates a center conductor which is provided at its lower
- end with a coil-shaped terminal 3a threadedly engaged
with a threaded open end 1'a of the center bore 1a of the

oxygen detection element. As a result, the coil-—shaped
terminal 5a is electrically conductive with the inner

electrode layer 2b formed in the inner peripheral sur-
face of the center bore 1a. The center conductor S func-
tions to communicate the atmosphere pressure which is
the same as that existed in the outside with the mner
electrode layer 2b.

In the present embodiment, the center conductor S 1s
provided with a resilient portion Sc such as a coil or the
like extending upwardly in the metal sleeve 3" and

distant apart from the coil-shaped terminal 5z and oper-

ative to apply a tensile force or compressive force to the
coil-shaped terminal 5a. A lead wire 56 is interposed
between the coil-shaped terminal 5a and the resilient
portion 5¢. The lead wire 56 may be omitted and the
coilsshaped terminal 52 may be made integral with the
resilient portion Sc. Reference numeral 6 designates an
annular fixing piece formed of insulating material and

having an inner diameter surface threadedly engaged,

for example, with.an upper portion of the resilient por-
tion 5S¢ so as to fix it. The inner diameter surface of the

metal sleeve 3" is urged against the outer diameter sur-.

face of the annular fixing piece 6 by calking the upper

and lower ends 3'¢c, 30 of the metal sleeve 3" so as to
prevent the resilient portion Sc from displacing in the
axial direction thereof. If a spring wire of a harness lead

wire to be described later has a high rigidity so that the
resilient portion 5c can be held without displacing it in
the axial direction therecf it 1s possible to omit the
fixing piece 6.

The resilient portlon 5¢ of the center conductors § is

formed such that tensile force or compressive force is 40
applied to the coil-shaped terminal Sa. In practice, if

that portion of the resilient portion 5¢ connected
through the lead wire 5b or directly to coil-shaped
terminal Sa which is exposed out of the fixing piece 6
has a high rigidity which 1s sufficient to prevent flexure
of the resilient portion Sc, it 1s preferable to apply tensile
force from the resilient portion 3¢ to the coil-shaped
terminal Sa so as to prevent buckling of the latter. In
this case, the calked portion 3"'c formed at the upper end
of the annular fixing piece 6 may be omitted, thereby
making the manufacture easy.

Reference numeral 7 designates a harness lead wire
used as an -output delivering wire and connected to
measuring instruments. The harness lead wire 7 1s com-
posed of three layers, that is, a spring wire 7a operative
as one of the lead wires, an annular resilient insulating
material 76 surrounding the spring wire 7a and formed
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of silicon rubber or the like and a metal mesh 7c¢ sur- |

rounding the insulating material 76 and operative as the
other lead wire. The lower end of the first spring wire
7a is extended downwardly toward the reduced diame-
ter poriton 3"a and butted agalnst and connected to a
tubular terminal 8 of the lead wire 56 of the center
conductor § by soldering or the like. As a result, the
first spring wire 7a becomes electrically conductive
with the inner electrode layer 26 of the oxygen detec-
tion element. The spring wire 7a is provided therein
with .a communication hole 7d operative to communi-
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cate the outside atmospheric air with the inner elec-
trode layer 2. The third metal mesh 7 is electrically
connected by soldering or the like through a metal
coupling sleeve 9 and the upper end of the reduced
diameter portion 3''a of the outer sleeve 3" to the outer
electrode layer 2a of the oxygen detection element.

As stated hereinbefore, the oxygen detector accord- -
ing to the invention is provided at its center conductor
with a coil-shaped terminal closely engaged with a
thread provided in the open end of an inner electrode
layer formed on the inner peripheral wall of a bore of an
oxygen detection element and electrically conductive
with the inner electrode layer and operative to commu-
nicate the bore with the outside atmospheric pressure
and with a resilient portion operative to apply tensile
force or compressive force to the coil-shaped terminal,
and as a result, even when portions near the coil-shaped
terminal are exposed to a high temperature, it is possible
to maintain the closely threaded engagement between
the coil-shaped terminal and the thread provided in the
open end of the oxygen detection element and hence
ensure an electrlcal conduction of the inner electrode
layer with the center conductor.

What is claimed is:

1. An oxygen detector comprising a tubular oxygen
detection element closed at one end and including outer
and inner electrode layers extending upwardly from the
closed end, the inner electrode layer terminating in a
threaded upper end, casing means for sealing the oxy--
gen detection element, said casing means having a metal
casing electrically connected with the outer electrode
layer of the oxygen detection element, a center conduc-
tor disposed within said casing means and including a .
flexible coil-shaped terminal threadedly engaged with
the threaded upper end of said inner electrode layer, an
output delivering electric wire assembly fixed to an end .
of said casing means and having a coil spring lead wire
(7a) and an annular resilient insulating material (76)
therearound so as to define a communicating hole (7d)
for communicating the . inner electrode layer of the
oxygen detection element with the outside air, said coil
spring lead wire connected electrically to said center
conductor, wherein said center conductor has a resilient .
portion operative to apply a tensile force to the coil-
shaped terminal of said center conductor to ensure
contact between said coil-shaped terminal and said
threaded end of said inner electrode layer, and said
resilient portion is firmly fixed to said metal casing with
an insulating material (6). |

2. The oxygen detector according to claim 1, wherein
said resilient portion is composed of a coil and con-
nected through a lead wire to said coil-shaped terminal.

‘3. The oxygen detector according to claim 1, wherein
said resilient portion is' made integral with said coil-
shaped terminal. |

4. The oxygen detector accordmg to claim 1, wherein
said center conductor comprises a first lead wire having
a first end connected to said coil spring lead wire of said
output .delivering electric wire assembly and‘a second
end, said resilient portion having a first- end - fixedly
connected with the second end of said first lead wire
and a second end, and a second lead wire having a first

- end fixedly connected with the second end.of said resil- -

ient portion and a second end connected with said coil-

shaped terminal.

5. The oxygen defector accmdmg to clalm 1 wherem

~ said center ,cc:;ndu._ctor is a one-piece member having a . .
~ first end connected to said coil spring lead wire of said -
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output delivering electric wire assembly and a second
end forming said coil-shaped terminal, said resilient
portion being intermediate said first and said second
ends of said center conductor.

6. The oxygen detector according to claim 1, claim 4,
or claim §, further comprising an annular fixing piece
disposed within said casing means and having a
threaded bore extending therethrough, and means for
fixing the position of said annular fixing piece in said
casing means, said resilient portion passing through said
threaded bore and having a part thereof threadedly

10

engaged with the annular fixing piece to thereby fix the -

position of said resilient portion in said casing means.

7. The oxygen detector according to claim 1, wherein

said center conductor includes coil-shaped terminals at
each end thereof adapted to engage said inner electrode
layer and said wire assembly, respectively, a rigid lead
wire extending from each of said coil-shaped terminals
to a coil-shaped central member, said central member
securely received in an insulating annular fixing piece
secured to said casing means, a portion of said coil-
shaped central member having coils extending beyond
said annular fixing piece toward said threaded end of

15

20

said inner electrode layer to define a resilient portion,

said rigid lead wire on opposite sides of said annular
fixing piece having an outer diameter less than the inner
diameter of said casing means, whereby a continuous
open communication path is provided between said
inner electrode layer and said wire assembly to permlt
communication with the atmOSphere

8. An oxygen detector comprising;: -

a tubular oxygen detection element closed at one end

25

30
- casing means and having

and including outer and inner electrode layers ex-

tending upwardly from the closed end, the inner
electrode layer termmatmg In a threaded upper
end, L |

casing means fer sealing the oxygen detectlon ele-

ment, said casing means having a metal casing elec- |
“trically connected with the outer eleetrede layer ef
the oxygen detection element, - .

center conductor dlsposed w1th1n and spaced 1n-
_Wardly of said casing means to permit passage of
air between said conductor and said casing, said
center conductor including a flexible, coil-shaped
terminal threadedly engaged with the threaded

upper end of said inner electrode layer, ‘a rigid -

6

sald metal casing, said wire assembly including a
communication path for permitting communication
of air between said coil-shaped terminal and the
inner electrode layer of the oxygen detection ele-
ment with the outside air, said resilient portion of
the center conductor positioned between said coil-
shaped terminal and said electric wire assembly
and operative to apply a force to the coil-shaped
terminal of said center conductor to ensure contact
between said coil-shaped terminal and said
threaded end of said inner electrode layer under
high temperature conditions.

9. The oxygen detector according to claim 8, wherein
said center conductor comprises a first lead wire having
a first end connected to said output delivering electric
wire assembly and a second end, said resilient portion
having a first end fixedly connected with the second
end of said first lead wire and a second end, and a sec-
ond lead wire having a first end fixedly connected with
the second end of said resilient portion and a second end
connected with said coil-shaped terminal.

10. The oxygen detector according to claim 8,
wherein said center conductor is a one-piece member
having a first end connected to said output delivering
electric wire assembly and a second end forming said

~coil-shaped terminal, said resilient portion being inter-

mediate said first and said second ends of said center
conductor.

11. The oxygen detector according to claim 8, further
comprising an annular fixing piece disposed within said
a threaded bore extending
therethrough, and means for fixing the position of said

“annular fixing piece in said casing means, said resilient

- portion passing through said threaded bore and having

| 35

a part thereof threadedly engaged with the annular

- fixing plece to thereby fix the position of sald resﬂlent

- por tion In Sald easmg IHEB,IIS

- 12.The exygen detector. aeeordlng to claim 9 further

comprlslng an annular ﬁxlng piece disposed within said
40

casing means and having a threaded bore extending

. .therethrough, and means for fixlng the position of said
annular fixing piece in said casing means, said resilient

" portion passing through said threaded bore and having

~a part thereof threadedly engaged with the annular

45
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intermediate portion, and a resilient portion, said
resilient portion secured to and extending from an N

annular fixing piece spaced from said electrode
layer and fixed relative to said casing, said annular

fixing piece formed from an insulating material and

50

fixing preee to thereby fix the position of sald resﬂlent

~ portion in said casing means.

13. The OXygen detector accordmg to elalm 10 fur-

‘ther comprising an annular fixing piece disposed within

said casing means and having a threaded bore extending

“therethrough, and means for fixing the position of said

~annular fixing piece in said casing means, said resilient

- including a communication path to- permlt air to

pass therethrough, and |

an output delivering eleetrre wire assembly havmg a

first component connected to an end of said center
conductor and a second component connected to

portion passing through said threaded bore and having

‘a part thereof threadedly engaged with the annular
fixing piece to thereby fix the position of said resilient

35

portion in said casing means.
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